Background: When safe to do so, avoiding blood transfusions in cardiac surgery can avoid the risk of transfusion-related infections and other complications while protecting a scarce resource and reducing costs. This protocol describes a kidney substudy of the Transfusion Requirements in Cardiac Surgery III (TRICS-III) trial, a multinational noninferiority randomized controlled trial to determine whether the risk of major clinical outcomes in patients undergoing planned cardiac surgery with cardiopulmonary bypass is no greater with a restrictive versus liberal approach to red blood cell transfusion. Objective: The objective of this substudy is to determine whether the risk of acute kidney injury is no greater with a restrictive versus liberal approach to red blood cell transfusion, and whether this holds true in patients with and without preexisting chronic kidney disease. Design and Setting: Multinational noninferiority randomized controlled trial conducted in 73 centers in 19 countries (2014)(2015)(2016)(2017). Patients: Patients (~4800) undergoing planned cardiac surgery with cardiopulmonary bypass. Measurements: The primary outcome of this substudy is perioperative acute kidney injury, defined as an acute rise in serum creatinine from the preoperative value (obtained in the 30-day period before surgery), where an acute rise is defined as ≥26.5 μmol/L in the first 48 hours after surgery or ≥50% in the first 7 days after surgery. Methods: We will report the absolute risk difference in acute kidney injury and the 95% confidence interval. We will repeat the primary analysis using alternative definitions of acute kidney injury, including staging definitions, and will examine effect modification by preexisting chronic kidney disease (defined as a preoperative estimated glomerular filtration rate [eGFR] <60 mL/min/1.73 m 2 ). Limitations: It is not possible to blind patients or providers to the intervention; however, objective measures will be used to assess outcomes, and outcome assessors will be blinded to the intervention assignment. Results: Substudy results will be reported by the year 2018. Conclusions: This substudy will provide generalizable estimates of the risk of acute kidney injury of a restrictive versus liberal approach to red blood cell transfusion in the presence of anemia during cardiac surgery done with cardiopulmonary bypass. Trial Registration: www.clinicaltrials.gov; clinical trial registration number NCT 02042898. 
What was known before
Initiating transfusions at a lower level of hemoglobin substantially reduces the number of transfusions performed with no adverse impact on clinical outcomes; however, uncertainty remains in the setting of cardiac surgery where patients may have less ability to tolerate anemia.
Introduction
Almost 20 million cardiac surgeries are performed worldwide each year, and the period during and shortly after cardiac surgery consumes 15% to 20% of the red blood cell supply available for transfusion. 1, 2 When safe to do so, avoiding blood transfusion in this setting protects a scarce resource, reduces costs, and avoids the risk of transfusion-related infection and other complications, which can include myocardial infarction, stroke, and acute kidney injury. 3, 4 However, the risks of transfusion must be balanced against the risks of untreated anemia, which can compromise tissue oxygenation and also increase the risk of myocardial infarction, stroke, and acute kidney injury. 5 Avoiding unnecessary red blood cell transfusions in cardiac surgery has been identified as a critical area for research. 2 Emerging evidence suggests that initiating transfusions at a lower level of hemoglobin substantially reduces the number of transfusions performed with no adverse impact on clinical outcomes. 4, 6 These data come from randomized controlled trials as it is impossible to reliably disentangle the adverse effects of anemia and red blood cell transfusion in observational studies. In controlled trials, patients were randomized to receive a restrictive versus liberal approach to transfusion initiation, where initiation occurred at a lower versus higher level of hemoglobin, typically 75 g/L versus 95 g/L, respectively. 4, 6 Meta-analyses of trials examining these approaches have been done in the nonsurgical and surgical setting, including small trials of patients undergoing cardiac surgery. While these studies suggest that a restrictive versus liberal approach to red blood cell transfusion is safe, 4,6-9 uncertainty remains in the setting of cardiac surgery where patients may have less ability to tolerate anemia, and where trials conducted to date have been too small to determine whether there are meaningful differences in outcomes between the 2 groups. 4, 6, 8, 10 Prompted by the need for better evidence, the Canadian, Australian, and New Zealand governments provided funding for a noninferiority multicenter randomized controlled trial to test the hypothesis that the risk of adverse clinical outcomes from cardiac surgery with cardiopulmonary bypass is no greater with a restrictive versus liberal approach to red blood cell transfusion. The Transfusion Requirements in Cardiac Surgery III (TRICS-III) trial (NCT02042898) was launched in 2013 and includes over 4800 patients. The primary outcome of adverse events from cardiac surgery is a composite of all-cause mortality, myocardial infarction, new focal neurological deficit, and new kidney failure treated with dialysis, as assessed within 28 days of surgery or at hospital discharge, whichever comes first.
Approximately 1% of patients who undergo cardiac surgery will develop severe acute kidney injury and receive dialysis in the perioperative period. Many more patients (over 15%) will develop an important degree of acute kidney injury [11] [12] [13] that is not treated with dialysis but is still associated with short-and long-term mortality, a longer hospital stay, and higher health care costs. 11, [14] [15] [16] [17] This evidence prompted us to develop a kidney substudy of the TRICS-III trial. Our substudy will test the hypothesis that the risk of perioperative acute kidney injury is no greater with a restrictive approach to red blood cell transfusion during cardiac surgery than a liberal approach. We also want to know whether this holds true in patients with and without preexisting chronic kidney disease. This protocol describes our plan to conduct these kidney substudy analyses in TRICS-III. 18 Briefly, this parallel group, pragmatic, noninferiority trial was designed to evaluate whether a restrictive approach to transfusion is no worse than a liberal approach with respect to a composite primary outcome of all-cause mortality, myocardial infarction, new focal neurological deficit, and new kidney failure treated with dialysis. The primary outcome will be assessed up to postoperative day 28 or at hospital discharge, whichever comes first. Planned enrollment was 5000 patients, and the trial accrual ended in March 2017 with 5028 randomized patients across 73 centers in 19 countries (as described below, 4850 randomized participants completed surgery). The data are currently being prepared for analysis (no between-group outcome analyses have yet taken place).
Primary Question

Randomization and intervention.
Patients were identified in the preoperative anesthesia or cardiac surgery clinic or in the in-patient unit at each hospital, where informed consent was obtained. Enrolled patients were randomized to receive a restrictive or liberal approach to red blood cell transfusion. Randomization was generated centrally online by the Applied Health Research Centre at the Li Ka Shing Knowledge Institute of St. Michael's Hospital (Toronto, Ontario, Canada). Randomization was stratified by center using random permuted blocks of varying sizes. For the restrictive approach, transfusion was not initiated until a patient's hemoglobin concentration fell below 75 g/L intraoperatively and/or postoperatively in the intensive care unit or on the hospital ward. For the liberal approach, transfusion was initiated once a patient's hemoglobin concentration fell below 95 g/L intraoperatively or postoperatively in the intensive care unit or if it fell below 85 g/L on the ward. For each group, transfusion occurred within the following time frames of the hemoglobin trigger: within 2 hours for patients in the operating room, within 18 hours for patients in the intensive care unit, and within 40 hours for patients on the hospital ward.
Methods Used in the TRICS-III Kidney Substudy
Ethics approval was obtained for additional renal data collection at all 73 participating centers (in 19 countries). Key aspects of the TRICS-III protocol that are relevant to the proposed kidney substudy are described below.
Patient Selection
Inclusion criteria for the TRICS-III main trial were as follows: adults aged 18 years or older undergoing a planned cardiac surgery with cardiopulmonary bypass, and a Preoperative European System for Cardiac Operative Risk Evaluation (EuroSCORE I) of 6 or more. Exclusion criteria were patient refusal or inability to receive blood products, involvement in the autologous predonation program, having a heart transplant, having a type of surgery solely for an insertion of a ventricular assist device, and the presence of pregnancy or lactation. Patients who were randomized but who did not undergo cardiac surgery will be excluded from the analysis (we expect ~3% of randomized patients did not undergo surgery).
The following additional exclusions will be applied to the TRICS-III kidney substudy:
1. Patients with preoperative end-stage kidney disease, defined as previous chronic dialysis, receipt of a kidney transplant, or an estimated glomerular filtration rate (eGFR) <15 mL/min per 1.73 m 2 (these patients will be excluded because the prevention of postoperative acute kidney injury is no longer relevant; we expect <2% of randomized patients to be excluded for this reason 19 ). 2. Patients missing a preoperative serum creatinine value (because preoperative serum creatinine is necessary to identify acute kidney injury, which is defined by an acute increase in serum creatinine from the preoperative value; we expect <1% of randomized patients will be missing a preoperative serum creatinine value). 3. Patients having emergency cardiac surgery will be excluded for 2 reasons: (1) They frequently have acute kidney injury or other complications prior to surgery, and so the preoperative serum creatinine may not be stable at baseline and (2) unfortunately many die, either in the operating room or shortly thereafter, before postoperative acute kidney injury develops (we expect <1% of randomized patients will have undergone emergency cardiac surgery).
Data Collection and Outcomes
Preoperative serum creatinine was obtained within the 30-day period before surgery, where the most recent value before surgery will serve as the baseline value. Participating sites received study funds to measure the postoperative serum creatinine on days 1, 2, 3, and 5 after surgery. To our knowledge, at participating sites, serum creatinine measurements were traceable to isotope dilution mass spectrometry. No urine output data will be used in the primary analysis of this substudy given difficulties with accurately measuring this variable outside of the intensive care unit. The primary outcome of the TRICS-III kidney substudy is perioperative acute kidney injury, defined as an acute rise in serum creatinine from the preoperative baseline value, where an acute rise is defined as ≥26.5 μmol/L in the first 48 hours after surgery or ≥50% in the first 7 days after surgery. 20 Results from an earlier cardiac study with similar enrollment criteria as TRICS-III suggests that our data collection schedule will capture most perioperative acute kidney injury events in the first 5 days of surgery; in this previously published prospective surgery study of 1219 cardiac patients, 15% of patients developed perioperative acute kidney injury (as per our definition); 13.9% of events were observed in the hours following surgery and 38.7%, 38.7%, and 8.7% of events were observed on postoperative days 1, 2 and 3, respectively. 21 For this reason, our protocol provides each center funding for serum creatinine measures on days 1, 2, 3, and 5 to encourage measurement on these days in all patients; as well, any other serum creatinine measures obtained in the perioperative period as part of routine care are recorded in the trial database (recording both their value and their date). We will compare the number of serum creatinine measurements (and the postoperative days of these measurements) in each intervention group during the hospital stay to examine the potential for ascertainment bias. While health care providers in TRICS-III are aware of the intervention received, this was also the case in our analyses of acute kidney injury within a large randomized trial where coronary artery bypass surgery was done with and without a bypass pump (where there was no difference in the frequency of serum creatinine measurement between the 2 groups given how ubiquitous serum creatinine measurements are in routine care in the perioperative setting 19 ). We expect that less than 2% of patients will be missing serum creatinine values in the first 2 days of surgery as a result of death.
Statistical Power
The TRICS-III study is designed to test whether a restrictive approach to transfusion is noninferior to a liberal approach. The total required sample size for the TRICS-III kidney substudy is 3378 based on a noninferiority margin of 3.5% for an absolute risk increase in acute kidney injury with the restrictive versus liberal approach, a 1-sided alpha of 0.025, and 85% power, assuming a baseline rate of acute kidney injury of 15%, <2% missing data due to death, and ~85% meeting our eligibility criteria. Thus, our projected available sample size of 4074 patients for this substudy will be adequate. A noninferiority margin of 3.5% is a reasonable minimal clinically important difference; for example, in our prior analyses of acute kidney injury within a large randomized trial, coronary artery bypass surgery done without a bypass pump reduced the relative risk of acute kidney injury by 17% (95% confidence interval, 3%-28%) compared with surgery done with a bypass pump, but without evidence of better preserved kidney function, mortality, or any other relevant clinical outcome 1 year later (with a baseline rate of 15%, a relative risk increase of 17% represents an absolute risk increase of about 2.5%). 19 
Statistical Analysis
As recommended, we will conduct both per-protocol and intention-to-treat analyses 22, 23 ; however, the per-protocol analysis will be considered primary. We will report the stability of the noninferiority conclusion between the per-protocol and intention-to-treat results, 22, 23 and congruence in results between these analyses will increase confidence in our interpretation of the findings. Per-protocol analyses are often preferred for addressing questions of noninferiority because compared with intention-to-treat analyses they reduce the risk of falsely declaring noninferiority when a meaningful difference between the effects of 2 interventions in truth exists. In contrast, intention-to-treat analyses are preferred for questions of superiority because they reduce the risk of falsely declaring superiority when the effects of the interventions are, in truth, similar. As outlined in the TRICS-III main protocol, the per-protocol analyses will exclude (1) patients whose adherence to the assigned transfusion strategy is less than 90% and/or (2) patients who withdraw from the study at any time (including withdrawal of the patient by their treating physician). Currently, we anticipate an estimated 10% of randomized participants will be excluded from the per-protocol analysis; this subgroup of patients will be examined carefully to assess the potential for bias in the per-protocol analysis. In the intention-to-treat analyses (described below), all participants will be analyzed according to their original randomized group assignment regardless of whether transfusion occurred or which transfusion approach was followed. We will report the unadjusted absolute risk difference between the 2 groups with a 95% confidence interval using the large-sample normal approximation for a difference in proportions. We will accept noninferiority if the upper limit of the 2-sided 95% confidence interval for the difference in proportions of acute kidney injury (proportion of acute kidney injury in the restrictive-approach group minus the proportion in the liberalapproach group) is less than the noninferiority margin of 3.5%. We expect that data on postoperative serum creatinine will be missing for <2% of participants due to death and <5% due to missing data. For patients who were randomized but are missing at least 1 postoperative serum creatinine value, we will use recommended model-based multiple imputation methods using all available data to impute acute kidney injury status.
24-26
Subgroup of preexisting chronic kidney disease. Compared with patients with preserved kidney function, patients with chronic kidney disease have a higher risk of acute kidney injury, as well as higher rates of anemia, perioperative mortality, and cardiovascular events. [27] [28] [29] [30] [31] [32] We will examine whether the presence of preexisting chronic kidney disease (primarily defined by an eGFR <60 mL/min/1.73 m2, with other eGFR cut-points examined in additional analysis) modifies the effect of a restrictive versus liberal approach to transfusion with respect to the risk of acute kidney injury. 30 The P value for the interaction will be assessed by including the type of transfusion approach, an indicator variable for chronic kidney disease, and an interaction term (chronic kidney disease × type of transfusion approach) as independent variables in a regression model for binary outcome data. We will also present the absolute risk difference between intervention groups within each subgroup.
Other prespecified analyses. As outlined below, we will perform several supporting analyses including a complete-case analysis, an inverse probability weighted analysis, an intention-to-treat analysis, and an adjusted analysis, examining whether there is concordance with the primary analysis. [24] [25] [26] We will also examine death as a competing outcome and examine alternative definitions of acute kidney injury.
Complete-case analysis. We will perform a complete-case analysis (no use of postoperative serum creatinine imputation) restricted to patients with at least 1 postoperative serum creatinine measurement (which will be over 90% of patients in the primary analysis). We may also perform an analysis restricted to those centers with over 90% of patients with complete serum creatinine measurements.
Intention-to-treat analysis.
The intention-to-treat analysis will follow the same analytic approach as the primary analysis, but all participants will be analyzed according to their original randomized group assignment regardless of whether transfusion occurred or which transfusion approach was followed. In addition, if noninferiority is shown, an intention-to-treat superiority comparison will be performed using a 2-sided alpha of 0.05.
Adjusted analysis. In our experience with CORONARY and POISE kidney substudies, 19, 26 the unadjusted and adjusted results were virtually identical; nonetheless, we will conduct the following mixed-effects model for binary outcome data, considering center as a random effect (randomization stratum), adjusted for several prespecified factors (measured before randomization) based on their known association with acute kidney injury in the cardiac surgery setting: age (per year), sex, hemoglobin (per 10 g/L), left ventricular systolic ejection fraction categories, diabetes mellitus, treated hypertension, and eGFR (above or below 60 mL/min/1.73 m 2 ). [33] [34] [35] We will report the adjusted absolute risk difference with a 95% confidence interval (the latter estimated using bootstrap methods). 19, 36 Competing event of death. To determine whether the primary result is robust when the competing event of death is considered (which may influence serum creatinine measurements after surgery), we will also examine a composite outcome of acute kidney injury or death within 5 days of surgery.
Alternative definitions of acute kidney injury. We will repeat the primary analysis using alternative definitions of perioperative acute kidney injury including staging definitions, 20, 37, 38 and assess the consistency of effect across stages of acute kidney injury based on visual inspection of point estimates and 95% confidence intervals. Despite the large sample size, these supplementary analyses for severe stages of acute kidney injury will have limited statistical power for small effects.
Recognized Limitations
The primary outcome in this kidney substudy of TRICS-III is perioperative acute kidney injury (defined as an acute rise in serum creatinine concentration from preoperative values). 20 While virtually all prevention trials of acute kidney injury follow this definition, this outcome is a surrogate endpoint that may not directly impact how a patient feels, functions, or survives. Detailed information on long-term permanent kidney function after hospital discharge will not be available in this trial. Nonetheless, our primary outcome follows the current recommended standard of diagnosis of acute kidney injury. 20 We will also examine whether intervention effects are consistent across stages of acute kidney injury; despite being less frequent, events of Kidney Disease: Improving Global Outcomes (KDIGO) stage 2 and stage 3 acute kidney injury are more relevant to patients and health care providers. Although it is not possible to blind patients or providers to the intervention allocation, any resulting ascertainment bias should be minimal as we have the same prespecified serum creatinine measurement schedule for patients in both groups. Furthermore, our outcomes will be objectively measured by laboratory technicians unaware of group allocation.
Conclusions
Acute kidney injury is a common and important complication of cardiac surgery. The TRICS-III kidney substudy will efficiently and reliably assess the renal effects of a restrictive versus liberal approach to red blood cell transfusion in the presence of acute anemia. It will also assess whether the effects of these approaches differ in patients with and without preexisting chronic kidney disease. Finally, this trial will provide some insights on the interplay between acute anemia, transfusions, and the risk of acute kidney injury.
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